Background
Introduction
Health-related quality of life (HRQOL) of patients with end-stage renal disease (ESRD) is usually poorer than that of the general population. In addition, depression is a very common psychological problem in patients with ESRD [1] . These psychological issues should be considered as important as the physical problems because HRQOL and depression are reportedly related to morbidity and mortality rates in patients with ESRD [2] [3] [4] [5] .
In the last decade, timely nephrology referral in the predialytic stage of chronic kidney disease (CKD) has received great attention. Previous studies have revealed that the timing of referral makes significant differences in the mortality rate, hospital stay, type of dialysis, and medical costs [6] [7] [8] . The benefits of early referral might be attributable to the identification of reversible causes, specialized management, and optimal preparation of patient education regarding dialysis modalities [7] . Above all, preparation of dialysis access and optimal initiation of dialysis seem to be particularly important. One study revealed that the benefits of early referral are lost if dialysis is initiated in an unplanned manner [9] .
The effect of early referral and planned dialysis on HRQOL or depression in patients with ESRD has not yet been investigated thoroughly. Planned dialysis was found to be beneficial in 2 previous studies. However, the study sample sizes were small, and one of them only included old patients [10, 11] . Only 3 studies have reported data on the relationship between referral timing and HRQOL, but their results are conflicting [10, 12, 13] . Moreover, Beck's Depression Inventory (BDI) according to the referral timing or planned start was rarely studied and it was shown in only one small study [14] . Therefore, we investigated the effect of referral timing and planned dialysis on HRQOL and depression in patients with ESRD in a nationwide prospective cohort in Korea. We aimed to examine whether nephrologists play a positive role in improving the future HRQOL and depression in early referral CKD patients.
Subjects and Methods

Study Design and Definition
This study was planned as a component of a comprehensive prospective study of the Clinical Research Center for End Stage Renal Disease (CRC for ESRD) in Korea. It was a nationwide, prospective cohort study of patients with ESRD initiated on dialysis therapy.
Patients were classified as early referral if their first encounter with a nephrologist occurred more than 1 year before initiation of dialysis and received education about dialysis (education from a nurse or nephrologist), and all others were classified as late referral, as described previously [7] .
Planned dialysis was defined as dialysis therapy initiated with a permanent access (i.e., a peritoneal dialysis [PD] catheter for PD or either an arteriovenous graft or a fistula for hemodialysis [HD] ) and education about dialysis, and the rest was considered as unplanned dialysis.
Study Population
Patients with ESRD who were aged 20 years and were initiated on dialysis therapy were enrolled in the CRC for ESRD. It was a nationwide web-based, multicenter, joint-network, prospective cohort study of patients with ESRD in Korea and was designed to improve the survival rates and quality of life (QOL) in patients with ESRD and to create effective treatment guidelines [7, 15] . Thirty-one hospitals and clinics in Korea participated in the CRC for ESRD and shared the clinical data of 1,270 newly diagnosed adult patients with ESRD who are supposed to continue dialysis at least 3 months between August 2008 and June 2012. Of these, patients who completed questionnaires at 3 months after dialysis were enrolled in this study. All patients provided their written consent to participate in this study. All traceable identifiers were removed before analysis to protect patient confidentiality. This study was approved by the institutional review board at each center [ 
Measurements
As sociodemographic and socioeconomic characteristics, age, sex, marital status (single, married, divorced/separated/widowed), educational attainment, and occupation were considered in the analysis. Educational level was assessed as the number of years of schooling. For the analysis, three groups were defined: 9 years, 10-12 years, and 13 years of schooling. In Korea, 9 years, 10-12 years, and 13 years of schooling are equivalent to elementary/middle school, high school, and college/university or above, respectively. Occupation was also classified into three groups as categorical variables in this study: jobless, housewife, and employed. The estimated glomerular filtration rate (eGFR) was calculated by CKD-EPI equations [16] .
Kidney Disease Quality of Life Short Form 36 (KDQOL-36) has been used to evaluate the HRQOL of patients with ESRD [17] . We utilized the Korean version of the KDQOL-36, which was recently translated and validated in Korean patients with ESRD [18] . Briefly, this includes 12 items that provide a generic chronic disease core as well as 24 additional kidney disease-targeted items. The 24 additional items focus on particular health-related concerns of individuals with kidney disease (i.e., symptom/problem list, 12 items; effects of kidney disease, 8 items; and burden of disease, 4 items). The item scores were aggregated without weighting and transformed linearly to a 0-100 possible range, with higher scores indicating better states, which resulted in a total of dimensions.
The Korean version of BDI was used to evaluate depression in our patients. The BDI has been validated in various groups of patients and has been used in patients undergoing dialysis to evaluate depression [19] . It consists of 21 self-reported items, and each item is rated on a scale of 0 to 3, producing a possible score range of 0 to 63 [20] .
Patients who completed two surveys at 3 months after dialysis were included in this study, and some of these patients completed these surveys again at 1 year after dialysis.
Statistical analysis
First, the overall distributions of the characteristics of the respondents were presented as frequencies and percentages for categorical variables, mean ± SD for continuous variables, or median values (25% and 75% interquartile ranges) for non-normally distributed variables, according to the type of plan.
We performed univariate analyses by using the t-test to compare the differences in the KDQOL-36 and BDI scores at after 3 months and 1 year after dialysis, according to the type of plan and referral, respectively. In addition to univariate analyses, multivariate regression analyses were applied for each component of KDQOL-36 and BDI scores including type of plan as an independent variable. In multiple regression models, we adjusted for age (continuous), sex, type of dialysis, marital status, educational attainment, occupation, modified Charlson comorbidity index (MCCI, continuous), albumin (continuous), and hemoglobin (continuous) levels. All continuous covariates were centered at the mean of each variable. All statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA) and R statistical language (Version R 3.0.2, The Comprehensive R Archive Network: http://cran.r-project.org).
Results
Among 1,270 patients, there were 1,026 patients whose age, sex, and dialysis modality were identified. Of 1,026 patients, 670 (65.3%) patients completed the questionnaire at 3 months after dialysis. Excluding 27 patients with no information on referral timing, planned dialysis a total of 643 patients were analyzed in the present study.
Characteristics of analyzed patients compared to the entire cohort
As the questionnaire response rate was 65.3%, we compared baseline characteristics of our analyzed 643 patients with entire cohort 1,026 patients to evaluate selection bias (Table 1) . There was no difference in age, sex and type of dialysis between the entire cohort and analyzed patients. Though referral timing, planned dialysis, social factors and cause of ESRD seemed to be different, it might be due to the missing data because the proportions were similar except missing data. Comorbidities, MCCI score and laboratory values were also similar between two groups. Therefore, we consider our analyzed 643 patients can represent the entire cohort.
Baseline characteristics
Of the 643 patients, 348 (54.1%) and 295 (45.9%) patients were included in the planned and unplanned dialysis groups, respectively (Table 1) . Early referral was significantly dominant in the planned group. The mean age was 54.8 years, and 59.1% of patients were male. The proportion of PD was much higher in planned group. Social variables such as marital status, educational attainment, and occupation did not differ between the two groups. Clinical variables such as comorbidities and laboratory values were similar, except hemoglobin levels, which were higher in the planned group. Among 643 study population, there were 95 patients who dropped out in 1 year due to hospital transfer (45.3%), transplantation (15.8%), death (14.7%), and refusal (7.4%). Finally, 291 patients completed the follow-up surveys at 1 year after dialysis.
KDQOL-36 and BDI: effect of referral type and planned dialysis
On comparing the KDQOL-36 and BDI scores on the basis of the referral type, no difference was observed between the groups both at 3 months and 1 year after dialysis (Table 2) . However, the planned dialysis group showed significantly higher scores in 4 of 5 KDQOL-36 domains than did the unplanned group at 3 months after dialysis (Table 3) . Even after adjusting for confounding variables including age, sex, type of dialysis, marital status, educational attainment, occupation, MCCI, hemoglobin, and albumin level, the planned group showed higher scores in 3 domains (mental component score, symptom/problem list, and effect of disease). After adjusting for confounding variables, BDI scores at 3 months after dialysis were also significantly lower in planned dialysis group which indicate less depressive mood.
At 1 year, all the KDQOL-36 and BDI scores slightly increased compared to those at 3 months after dialysis ( Table 3 ). The planned group had higher mean scores in each KDQOL-36 domain than did the unplanned group, and this difference was statistically significant in 1 domains. After adjusting for confounding variables, physical component score and symptom/ problem list domain were significant higher in planned dialysis group. Mean BDI scores were 13.4 and 16.3 in planned and unplanned groups, respectively. The difference was significant before and after adjustment that indicates planned dialysis patients are less depressive at 1year after dialysis.
Next, to exclude the effect of dialysis modality, we conducted subgroup analysis only including HD patients. As shown in Table 4 , several domains of KDQOL-36 and BDI were still significantly better in planned dialysis group both at 3 months and 1 year after dialysis. Finally, one year follow-up questionnaire was only completed by 291 (45.3%) among 643 patients. We compared KDQOL-36 and BDI at 3 months after dialysis between the follow-up group and no follow-up group, which showed no difference between the groups (S1 Table) .
Discussion
We evaluated the HRQOL and depression of patients undergoing dialysis according to the referral timing and planned initiation. In this study, not early referral but planned dialysis was found to improve the HRQOL and depression.
Planned dialysis can reduce hospitalization duration, economic costs, and mortality in patients with ESRD [21] . Only two studies have reported that QOL was better when the patient started dialysis in a planned manner. Caskey et al. studied the effect of planned dialysis on QOL in patients with ESRD between 1998 and 1999 in seven European countries by using the visual analogue scale and Short Form-36 [10] . The planned dialysis group showed higher visual analogue scale scores, MCS score, role emotional scores, and mental health scores in Short Form-36. However, this analysis included only 196 patients who were referred early, and planned dialysis initiation was determined on the basis of the last serum creatinine level and emergent clinical events. Another small cross-sectional study evaluated only patients aged 70 years [11] . In this study, the planned dialysis group also had a better QOL than did the unplanned group and had a similar QOL as that in the non-ESRD age-and sex-matched control group. Our study showed results consistent with those reported by these two previous studies. Furthermore, we conducted subgroup analysis including only hemodialysis patients to exclude the effect of dialysis modality which was significantly dominant in planned group. The results clearly showed the benefit of planned dialysis PD on patients' QOL without doubt.
BDI have been used to evaluate depression in ESRD patients in many previous studies. [1, 2] . However, BDI according to referral timing or planned dialysis was rarely investigated. In one small study showed that among incident dialysis patients, depressive patients are consisted with more proportion of unplanned starters who had no contact with a nephrologist within 90 days [14] . To the best of our knowledge, this is the only report that comprehensively elucidated the difference of BDI according to planned dialysis.
Our results are significant because the benefit of planned dialysis on HRQOL and depression was proven in a large-scale, multicenter, prospective ESRD cohort study. We used the KDQOL-36 survey, which contains kidney disease-specific questions. Moreover, we first observed that this beneficial effect sustained until 1 year after dialysis while previous studies only evaluated QOL at the initiation or 8 weeks of dialysis.
Regarding patient characteristics, the planned dialysis group showed higher hemoglobin levels. Although age and albumin levels did not differ significantly between the two groups, age was younger and albumin was higher in the planned group. These findings are consistent with those of the previous reports [22, 23] . Regarding the dialysis modality, planned dialysis is associated with more use of PD as it was shown in the previous study [23] . Socioeconomic factors did not differ between the planned and unplanned groups. In fact, referral type was almost the only modifiable factor for planned dialysis.
As shown in previous and the present studies, early referral patients have a better chance of initiating dialysis in a planned manner with permanent vascular access [6, 7] . The benefit of planned dialysis might be attributable to predialytic education, psychosocial preparation for dialysis, and no catheterization. Likewise, early referral itself is expected to have similar benefits because it allows the patient more time to discuss renal progression and dialysis modalities with their nephrologists. However, surprisingly, referral type did not affect QOL in dialysis patients. In other words, early referral patients did not benefit if they initiated dialysis in an unplanned manner. The STARRT (Study To Assess Renal Replacement Therapy) study reported similar results related to the composite outcome of death, transfusion and hospitalization instead of QOL [9] . This fact raises two points of criticism against nephrologists.
First, unplanned dialysis is performed quite commonly in early referral patients. In the present study, the incidence of unplanned dialysis was 40.8% in early referral patients. In previous STARRT study, the rate of unplanned dialysis in early referral was very similar with ours [9] . In the study, optimal start defined if all the following were true; (i) RRT initiated as an outpatient and (ii) dialysis was initiated with a permanent access. Among early referral patients, suboptimal starts occurred in 44% which was higher than expected. Hughes et al. reported that factors contributing to suboptimal starts despite early referral were patient-related delays (31.2%), acute-on-chronic kidney disease (31.2%), surgical delays (16.4%), and late decisionmaking (8.59) [24] . The patient-related delays and late decision-making seems modifiable by nephrologists. Patients are usually reluctant to undergo dialysis, but nephrologists should be aware of the benefits of the planned dialysis and assume the responsibility to educate and persuade them to undergo planned dialysis. Moreover, nephrologists should be careful to avoid making late decisions regarding dialysis access formation and dialysis initiation.
Second, nephrologists should make an effort to improve patient QOL, apart from providing planned dialysis. Providing multidisciplinary care is a good example. Kidney Disease: Improving Global Outcomes 2012 clinical practice guidelines for evaluating and managing CKD also suggest that patients with progressive CKD should be managed in a multidisciplinary care setting that includes dietary counseling, education of dialysis modalities and transplant options, vascular access surgery, and psychosocial care [25] .
Our study has a limitation. Only 291 of 643 patients completed the follow-up surveys at 1 year after dialysis. We believe that if more patients were analyzed, the positive effect of planned dialysis would be much clearer.
Taken together, planned initiation of dialysis significantly improved HRQOL and depression in patients with ESRD. However, early referral did not show the same benefits. We suggest that nephrologists should try to persuade and educate patients to start dialysis in a planned manner and provide multidisciplinary care to improve their QOL.
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